Lithium-oxygen (air) has one of the largest theoretical energy densities of any practical electrochemical couple. This paper will discuss the architecture of an advanced Li-air cathode with an average voltage of 2.33 V and a gravimetric capacity of 5813 mAh/g of carbon. This is the first time such a high capacity has been achieved at a current density of 0.1 mA/cm 2 and without the use of catalysts.
anode passivation due to air/moisture contamination, and the operating current density is typically low (~0.1 mA/cm 2 )
Although 13.14 kWh/kg [1] is the theoretical gravimetric energy density, a more realistic theoretical energy density is reported in Abraham et. al. [2] , using a lower average voltage. Excluding oxygen weight, Abraham reports a theoretical energy density of 11.14 kWh/kg (5.2 kWh/kg including oxygen weight). Abraham's calculations were based on the following reaction:
In [2] it is further suggested that lithium-peroxide is the likely decomposition product, not lithium oxide as shown above, in which case the decomposition reaction is:
Abraham et. al. were the first to report a successful Li-air cell [2] . The cell was based on a solid lithium electrode, a solid polymer electrolyte (SPE) separator (made from a mixture of polyacrylonitrile (PAN), ethylene carbonate (EC), propylene carbonate (PC) and lithium hexaflurophosphate (LiPF 6 )), and a carbon-impregnated solid-polymer electrolyte composite cathode (made from chevron acetylene black carbon). Based on carbon mass (20 %) Abraham achieved gravimetric capacities of ~ 1600 mAh/g in atmospheric air, and 1410 mAh/g in a pure oxygen atmosphere. The atmospheric air gravimetric density may be higher due to reactions with moisture. Cells were discharged at 0.1 mA/cm 2 . At higher carbon loadings (40 %) the gravimetric capacity suffered significantly, dipping ~ 240 mAh/g. This loss of capacity may be due to poor O 2 diffusion through the carbon-dense film.
Development of Li-air technology was continued by Read et. al [3] [4] [5] . In [3] , cathode capacities as high as 2120 mAh/g were reported (based on carbon mass), albeit at a lower current density than that used by Abraham [5] . Koboki concludes that carbon mesopore volume is the determining factor in cathode capacity; Read [3] came to a similar conclusion. All authors mentioned above agree that cathode performance is the limiting factor in a Li-air cell [1] [2] [3] [4] [5] [6] [7] . The research described here is focused on optimization of the air cathode based on a combination of strategies adopted by the groups discussed above. Cell assembly -Swagelok cells were constructed in an argon atmosphere glovebox. The rod and spring are loaded into the union. The 3/8" Li-foil disc is placed on the spacer and compressed with a plastic spatula to encourage adhesion. The spacer and Li are loaded into the union, spacer in contact with the spring, and Li facing out. The 9/16" diameter SPE film is placed on top of the Li (a slightly larger SPE disc is used to prevent short circuits). The carbon composite air-cathode is soaked in electrolyte (LiPF 6 /EC-PC, described above) for 10 minutes before use. After soaking, the electrode is dabbed with a Kim-wipe to remove excess electrolyte, and placed on top of the SPE. The tube is inserted into the other side of the union and hand tightened. Since the tube walls have a finite thickness, a portion of the air electrode (~10%) is masked by the tube walls, otherwise, the air cathode is exposed to atmosphere. 
Results and Discussion:
A successful Li-air cathode design must satisfy many requirements. The cathodes discussed here were designed based on a combination of strategies adopted by the groups discussed above [1] [2] [3] [4] [5] [6] [7] , namely: (i) fast oxygen diffusion, (ii) good electrical conductivity, Therefore, high surface area Ketjen black was chosen for the carbon composite (iii).
Ketjen black has a large pore volume (480-510 mL/100g), and high electrical conductivity. The high surface area carbon must be supported by an appropriate binder to ensure proper dispersion and maximum exposure to the carbon surfaces. PVdF was chosen because it is commonly used in battery electrodes and stable above 4 V (iv).
Although the electrochemical reaction occurs at the surface of the carbon, the Li-ion must be present as well. Therefore, to ensure adequate ionic conductivity air electrodes were soaked in electrolyte (v). achieved at much lower current densities [7] , or with the use of catalysts [6] , however, this is the first time such a large capacity has been achieved without catalyst, and at a current density of 0.1 mA/cm 2 .
This work shows that very large capacities can be achieved using the Li-air cathode discussed above. Although large gravimetric capacities are obtained, the current density is small (0.1 mA/cm 2 ). Also, the weight of the other cell components (e.g. Ni foam, binder and electrolyte) is not considered. To be commercially viable, current density must be increased, or, an appropriate application must be identified. For example, wireless sensors require long operational time with relatively infrequent battery use.
Extended operational times will require an effective moisture barrier. Filters and/or hydrophobic membranes could be used to mitigate water contamination. Catalysts should be investigated to increase both capacity and operational current density. In fact, recent results show that with the proper catalyst (i.e. MnO 2 ) the air-electrode can be recharged [9] . A rechargeable Li-air cell with energy densities discussed here would represent a revolution in energy storage technology.
Conclusion:
A Li-air cathode with a capacity of 5813 mAh/g of carbon (above 1.5 V) and average voltage of 2.33 V has been reported. This is the largest capacity ever reported for a Li-air cathode. Furthermore, results were obtained without catalysts, and at a relatively large current density for a Li-air cell (0.1 mA/cm 2 ). Based on its large energy density lithiumair technology has the potential to outperform all electrochemical devices currently in use and under development. To be commercially viable an appropriate application that operates at low current densities for extended periods of time must be identified and passivation due to moisture contamination must be addressed.
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